Abstract. The current study aimed to evaluate the possible role of microRNA (miR)-202 in the development of oral cancer. First, miR-202 levels were found to be decreased in the serum and tissues of oral cancer patients compared with healthy controls. Receiver operating characteristic analysis was carried out to explore the diagnostic value of serum miR-202 for oral cancer. Overexpression of miR-202 significantly decreased the migratory capacity of SCC-9 cells, while inhibition of miR-202 markedly increased the migratory capacity of SCC-9 cells. Moreover, the invasive capacity was decreased in SCC-9 cells transfected with an miR-202 mimic. In addition, the invasive capacity was enhanced in SCC-9 cells transfected with an miR-202 inhibitor. A dual luciferase reporter assay showed that overexpression of miR-202 markedly suppressed the relative luciferase activity of the pmirGLO-SP1-3'untranslated region. Overexpression of miR-202 suppressed the protein level of Sp1, but inhibition of miR-202 markedly enhanced the protein expression of Sp1. Inhibition of miR-202 enhanced the phosphorylation of protein kinase B. Additionally, the correlations between the expression levels of Sp1 and miR-202 and the clinicopathological factors of oral cancer were analyzed. The results showed that patients with high expression of Sp1 and miR-202 progressed to earlier clinical stages, had deeper infiltration depths and were more prone to lymph node metastasis compared with the healthy controls. In conclusion, the current study presented novel data indicating that decreased miR-202 enhanced the progression of oral cancer via Sp1.
Introduction
Oral cancer is one of the most common malignant tumors in the head and neck, and includes gingival cancer, tongue cancer, soft and hard palate cancer, jaw bone cancer, floor of mouth cancer, oropharynx cancer, salivary gland cancer, lip cancer, maxillary sinus cancer, and cancer occurring in the facial skin and mucosa, most of which are squamous epithelial cell cancers (1, 2) . In recent years, the number of new cases of oral cancer has increased significantly worldwide (3) . Oral cancer cells grow and divide slowly. Therefore, most patients are diagnosed with advanced cancer and have a poor prognosis (4) . Therefore, early identification and prevention are of great importance for oral cancer patients.
MicroRNA (miR) is a small noncoding single-stranded RNA with a length of 22-29 nucleotides (5) . It has been found that microRNAs play an important role in regulating gene expression (6) . miRs specifically bind to the 3'-terminal noncoding region of the target gene mRNA (6) . On one hand, miRs can promote the degradation of target gene mRNA at the posttranscriptional level; on the other hand, they can inhibit gene translation and eventually lead to the silencing of the target gene (3, 7) . According to the different targeting effects, miRs can act as oncogenes or tumor suppressor genes in the progression of a number of malignant tumors (8) . miRs have their own specific expression profiles in different tissues and are abnormally expressed in different tumors, resulting in their gradual application as prognostic indicators of cancer (9) .
Tumor development is a complex process involving multiple factors, steps and stages (10) . The biological and clinical behaviors related to tumor development are different under the influence of a number of elements that are regulated by transcription factors (11) . Transcription factor Sp1 is a sequence-specific DNA-binding protein that regulates the transcription of genes rich in GC/GT sequences in some promoters (12) . Sp1 is widely found in the nuclei of almost all tissues and is involved in a variety of physiological and pathological processes (13) . Recently, it was found that the abnormal expression and activation of the Sp1 protein in tumor tissues can regulate the proliferation, angiogenesis and metastasis potential of tumors by promoting the gene transcription of tumor growth and angiogenic factors (14) .
In this study, the clinicopathological features of 73 cases of oral cancer and 48 normal oral tissue samples adjacent to cancer were retrospectively analyzed. In addition, the expression levels of Sp1 and miR-202 in oral cancer tissues were explored and their correlation with clinicopathological features were investigated, thereby improving the clinical diagnosis and treatment of oral cancer. A total of 73 patients (46 men and 27 women;  26-75 years of age, with a mean of 55.4 years) with resectable stage III or IVA OSCC (T1-2 N1-2 M0 or T3-4 N0-2 M0) using the tumor-node-metastasis staging system (15) and who enrolled in a prospective, randomized, phase 3 trial at Jinan Stomatology Hospital were enrolled in the present study from December 2016 to May 2017.
Materials and methods

Tissue samples.
Written informed consent was obtained from all participants involved in this study. The study was performed in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of Jinan Stomatology Hospital (Jinan, China).
Cell culture. The human oral cancer cell line SCC-9 and 293T cells were used in this study and was obtained from the American Type Culture Collection (Manassas, VA, USA). SCC-9 and 293T cells were cultured in high-glucose DMEM supplemented with 10% (v/v) fetal calf serum, 100 U/ml penicillin and 100 µg/ml streptomycin sulfate (all from Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) at 37˚C in a humidified atmosphere of 5% CO 2 .
Transient transfection. Cells were seeded at 10 6 cells/well in 6-well plates. 10 µl (including the mimic, inhibitor, NC, SP1 siRNA and the NC) of miR-202 mimic, 10 µl miR-202 inhibitor, 10 µl miR negative control (Shanghai GenePharma Co., Ltd.) 10 µl small interfering (si)RNA targeting Sp1 (5'-GCA AGA ACT GTG GTG TCT TGG-3') or 10 µl negative control (NC; 5'-CCG AUA GGU UUA CUG CCA ATT-3'; 25 nM stock concentration for each) were mixed with 12 µl HiperFect transfection reagent (Qiagen, Inc., Valencia, CA, USA) and incubated at room temperature for 10 min. Then, the complex was added to the culture medium and incubated for 48 h, following which cells were used for subsequent experimentation. The negative control for the miR-202 mimic (NCm; 5'-UUC UCC GAA CGU GUC ACG UTT-3') and the negative control for miR-202 inhibitor (NCi; 5'-CCG AUA GGU UUA CUG CCA ATT-3').
RNA extraction and reverse transcription PCR. Whole blood was collected in tubes containing EDTA and centrifuged at 3,000 x g at 4˚C for 15 min. Then, the serum was collected. Total RNA was isolated from serum samples (5 ml) or oral cancer tissues or SCC-9 cells using RNAVzol LS (Vigorous Biotechnology Beijing Co., Ltd., Beijing, China) according to the manufacturer's protocol. The concentration and purity of RNA samples were determined by measuring the optical density (OD) 260/OD280 ratio. A total of 1 µg of RNA was reverse transcribed using the Moloney murine leukemia virus reverse transcription (RT) enzyme (Applied Biosystems; Thermo Fisher Scientific, Inc.) with specific primers. The temperature protocol used for RT was as follows: 72˚C for 10 min, 42˚C for 60 min, 72˚C for 5 min and 95˚C for 2 min. To quantify the relative mRNA levels, qPCR was performed using SYBR-Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) in an iCycleriQ real-time PCR detection system. PCR amplifications were performed in a 10 µl reaction system containing 5 µl of SYBR-Green Supermix, 0.4 µl forward primer, 0.4 µl reverse primer, 2.2 µl double distilled H 2 O and 2 µl template cDNA. Thermocycling conditions were as follows: 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. Relative mRNA expression was normalized to U6 using the 2 -∆∆Cq method (16) . The primer sequences are as follows: miR-202-RT, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACC AAA G-3'; U6-RT, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACA AAA TG-3'; miR-202-5p, forward 5'-TTC CTA TGC ATA TAC TTC-3'; U6, forward, 5'-GCG CGT CGT GAA GCG TTC-3'; and universal reverse primer, 5'-GTG CAG GGT CCG AGG T-3'.
Protein extraction and western blot analysis. Total proteins were isolated from oral cancer tissues or SCC-9 cells using a total protein extraction kit (Beijing Solarbio Science & Technology Co., Ltd.) and were collected following centrifugation at 12,000 x g for 30 min at 4˚C. A bicinchoninic acid protein assay kit (Pierce; Thermo Fisher Scientific, Inc.) was used to determine the protein concentration. A total of 20 µg of protein was separated using 12% SDS-PAGE, transferred onto polyvinylidene difluoride membranes and blocked with 5% fat-free milk at room temperature for 2 h. Membranes were incubated with primary antibodies against Sp1 (cat. no. 9389), anti-phosphorylated protein kinase B (p-AKT; cat. no. 4060), AKT (cat. no. 4691) and GAPDH (cat. no. 2118; 1:5,000; all from Cell Signaling Technology, Inc.) at 4˚C overnight. Membranes were subsequently incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:5,000; cat. no. ZB-2301; OriGene Technologies, Inc., Beijing, China) for 2 h at room temperature, followed by three washes with TBST (1% Tween-20 in TBS). Enhanced chemiluminescence (EMD Millipore, Billerica, MA, USA) was used to determine the protein concentrations according to the manufacturer's protocol. Signals were detected using a Pierce™ ECL Plus Western Blotting Substrate (cat. no. WBKLS0050; Thermo Fisher Scientific, Inc.). Relative protein expression levels were normalized to GAPDH. All experiments were repeated three times. ImageJ 1.43b software (National Institutes of Health, Bethesda, MD, USA) was used for densitometry analysis.
Luciferase target assay. The 3' untranslated region (UTR) of Sp1 containing the predicted binding site [based on TargetScan data (http://www.targetscan.org/vert_72/)] was cloned into the pmirGLO (Promega Corporation) luciferase reporter vector. The PCR procedures were as follows: A hot start step at 95˚C for 10 min followed by 40 cycles at 95˚C for 15 sec, 55˚C for 45 sec and 72˚C for 30 sec. The Fast Mutagenesis System was used to construct the mutant vector (Beijing Transgen Biotech Co., Ltd., Beijing, China).
For the luciferase reporter assay, cells were seeded at 5x10 4 cells/well in 24-well plates in a 500 µl volume for 18 h. Then, the modified firefly luciferase vector (500 ng/µl) was mixed with Vigofect transfection reagent (Vigorous Biotechnology Beijing Co., Ltd.) according to the manufacturer's protocol. After transfection for 48 h, the dual-luciferase reporter assay system (Promega Corporation) was used to determine the changes in relative luciferase units. Renilla activity was used as the internal control. Relative luciferase activity was calculated as: Firefly luciferase vs. Renilla activity.
Invasion and motility assays. First, SCC-9 cells were seeded in DMEM in the top chamber of each transwell insert with 8.0-mm pores at 1.0x10 5 cells/well (BD Biosciences; Becton-Dickinson and Company, San Jose, CA, USA) for a motility assay. For the invasion assays, 2.0x10 5 SCC-9 cells were cultured in a chamber (BD Biosciences; Becton-Dickinson and Company) that was precoated with 0.2% Matrigel (Collaborative Research, Inc., Boston, MA, USA) at 37˚C. As a chemoattractant, 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) was added to the culture medium in the bottom chamber. After 24 h, the SCC-9 cells remaining in the upper compartment were removed by cotton swabs and those that invaded through the membrane were stained with a dye solution containing 20% methanol and 0.1% crystal violet at room temperature for 5 min. The SCC-9 cells were then imaged under a light microscope (Olympus Corporation) and 10 individual fields were counted per insert. The results are presented as an average of three separate experiments.
Statistical analysis. Data are presented as the mean ± standard deviation from 3 independent experiments. The two-tailed unpaired Student's t-tests were used for comparisons of two groups. The one-way analysis of variance (ANOVA) multiple comparison test (SPSS 13.0; SPSS, Inc., Chicago, IL, USA) followed by Tukey's post hoc test were used for comparisons of two more groups. Receiver operating characteristic (ROC) curves were used to assess miR-202 as a biomarker and the area under the curve (AUC) was reported (SPSS, version 13.0.0; IBM, Corps. Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Decreased miR-202 levels in oral cancer patients. First, the expression of miR-202 in the serum and tissues of oral cancer patients was evaluated. Compared with the levels in the healthy controls (1±0.31), the serum levels of miR-202 were significantly decreased in oral cancer patients (0.32±0.15; P<0.05; Fig. 1A) . Moreover, the miR-202 level in the tissues of the oral cancer tissues was significantly decreased (0.45±0.16) compared with in adjacent non-cancerous tissues (1±0.22; P<0.05; Fig. 1B ).
Diagnostic value of serum miR-202 for oral cancer.
To evaluate the diagnostic value of serum miR-202 for oral cancer, a ROC analysis was carried out to explore the application of miR-202 alone. As shown in Fig. 2 , the AUC value for miR-202 was 0.996 (95% confidence interval: 0.957-1.000), with a sensitivity of 98% and a specificity of 98%.
Reduced miR-202 expression enhances SCC-9 cell migration and invasion.
Whether miR-202 affected oral cancer cell migration and invasion was explored. RT-quantitativePCR analysis demonstrated that transfection with the miR-202 mimic significantly enhanced miR-202 level (P<0.001; Fig. 3A ), while transfection with the miR-202 inhibitor significantly decreased miR-202 level in SCC-9 cells (P<0.001; Fig. 3B ). As shown in Fig. 3C and D, the overexpression of miR-202 significantly decreased the migratory capacity of SCC-9 cells, while the inhibition of miR-202 significantly increased the migration capacity of SCC-9 cells (P<0.001). Moreover, the invasive capacity was significantly reduced in SCC-9 cells transfected with the miR-202 mimic compared with the NCm (P<0.001; Fig. 3C and E) . In addition, the invasive capacity was significantly enhanced in SCC-9 cells transfected with miR-202 inhibitor (P<0.001; Fig. 3C and E) . These data suggested that reduced miR-202 levels promoted oral cancer cell migration and invasion. of miR-202 in humans (Fig. 4A) . Then, the 3' UTR of Sp1 was cloned into the luciferase reporter vector pmirGLO. A dual luciferase reporter assay showed that overexpression of miR-202 significantly suppressed the relative luciferase activity of the pmirGLO-SP1-3'UTR (P<0.001; Fig. 4B ). Moreover, overexpression of miR-202 significantly suppressed the protein level of Sp1 (P<0.01; Fig. 4C ), while inhibition of miR-202 significantly enhanced the protein expression of Sp1 (P<0.01; Fig. 4D ). To further explore the possible mechanism by which miR-202 affected oral cancer cell proliferation the level of Sp1 in SCC-9 cells was silenced using a specific siRNA targeting Sp1. As shown in Fig. 4E , inhibition of Sp1 significantly decreased the phosphorylation level of AKT, which then reduced cell proliferation (P<0.01). In contrast, the levels of Sp1 and p-AKT were significantly increased in SCC-9 cells transfected with the miR-202 inhibitor, indicating a tumor suppressor role in oral cancer (P<0.01; Fig. 4E ). However, this effect of the miR-202 inhibitor was abolished to a large extent in SCC-9 cells transfected with si-Sp1 (Fig. 4E) . These results indicated that inhibition Correlation between the expression levels of serum Sp1 and miR-202 and clinicopathological factors in oral cancer tissues. In addition, the correlations between serum Sp1 and miR-202 and clinicopathological factors in oral cancer tissues were analyzed (Table I) Table II .
Discussion
In previous years, the incidence of oral cancer has increased and oral cancer tends to occur in younger individuals (17) . Despite the satisfactory clinical outcomes, the prognosis and survival of patients with oral cancer are still not optimal; treatment of oral cancer remains very difficult, especially for patients with distant metastasis (1) . In recent years, a number of studies have shown that miRs play an important role in tumorigenesis and development by regulating the expression of target genes (18, 19) . Therefore, the study of specific miRs in oral cancer can provide an important scientific theory for the clinical diagnosis and treatment of oral cancer. In the present study, the expression of miR-202 was decreased in oral cancer patients. Further study demonstrated that overexpression of miR-202 suppressed the migration and invasion of oral cancer cells, indicating the tumor suppressor role of miR-202 in the development of oral cancer.
Tumors are a type of abnormal signal transduction disease (20) . Various carcinogenic factors regulate the expression of transcription factors through signal transduction pathways and then regulate the expression of various downstream target genes, eventually leading to the occurrence and development of malignant tumors (21). Sp1 is a major transcription factor in the process of tumor proliferation and progression (22) . Increased expression of Sp1 in tumor tissue suggests high malignancy, increased invasion and metastasis and poor prognosis (23) . Therefore, monitoring Sp1 provides an important theoretical basis for early diagnosis, prognostic evaluation and the development of comprehensive clinical treatments for tumors (24) .
Interestingly, a possible binding site was identified in the 3'UTR of Sp1 by miR-202. Dual luciferase reporter assay and western blotting showed that Sp1 was a target gene of Table I . Correlation between the expression of Sp1 and miR-202 and clinicopathological factors in oral cancer tissues. miR-202. Sp1 is a transcription factor that exists widely in the nucleus and plays an important regulatory role in the occurrence and development of tumors (25) . The positive expression rate of Sp1 is higher in cancer patients compared with healthy controls (26) . Therefore, the correlation between Sp1/miR-202 and clinical characteristics was further evaluated. The results showed that patients with high expression of Sp1 and lower miR-202 were at later clinical stages, exhibited deeper infiltration depths and were more prone to lymph node metastasis.
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In conclusion, the positive expression rates of Sp1 and miR-202 are high in oral cancer tissues, and their expression levels are closely associated with the late stage of the tumor and lymph node metastasis.
